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INTRODUCTION AND DESCRIPTION 
A. INTRODUCTION 
1. Purpose and Scope of Manua I 
t 
I I 
This manual provides installation, opera~,:i'Jn, and maintenance 
instructions for the modification kit used to convert lV~uirhead APTS Ground 
Stations for processing High Resolution Infrared (HRIR) signals. The modifi-
cations were designed by the Astro-Electronics Division (AED) of Radio 
Corporation of America for the National Aeronautics and Space Administration 
(NASA), under contract No. NAS 5-667, Modification 86. 
2. Purpose of Equipment 
With the modification kit installed each field location is capable of 
recording the Nimbus spacecraft HRm. data on the Muirhead Facsimile Recorder 
(Mufax). This ca.pability is accomplished without affecting the APTS mode of 
operation. 
B. DESCRIPTION 
1. Physical 
As shown on the Frontispiece, the modification kit for the HRm/ APTS 
Ground Station (HAGS) consists of a Marking-Current Kit, an Adapter Cable, 
the HRm Converter~ and the Reduction Gear Train. The HRIR Converter is 
designed for rack mounting, with a standard 19-inch rack front panel, 3-1/2 
inches high and has a total depth of 15-1/2 inches. A power cable is an integral 
part of the unit. Operating controls are readily accesnible on the front panel, 
and a fuse holder and input/output receptacle are mounted on the rear of the 
unit. Internal circuits are fabricated on two circuit-board assemblies with self-
contained power supplies. The complete list of equipment required for th" 
modification is listed in Table 1. 
1 
.. 
2 
TABLE 1. EQUJPMENT HEQUIRED FOH IIHIH MODIFICATION 
OF' MUIHIIEAD APTS GHOUND STATIONS 
Nomenclature or 
Description 
Part or 
Identifying- No. 
Muirhead Hecorder Modification Kit 
Connector, 25S, J1 
Helay 
Potentiometer, HI 
Switch, Push-Button 
Bracket, Connector 
Screwlock Assembly 
Wire, Hook-up, AWG22, White 
Cable, Shielded, AWG 22, White 
Tape, Lacing 
Solder, 63/37 
Nut, Hex, Plain, 4-40 
Jack, Phone 
Gear Train Asse mbly 
8G1()340-3 
Kl 
RV4L.\Y5AG04A 
Sl 
1848083-1 
1175~62-1 
D9!Jl28-D 
999121-9 
2010811-1 
201J858-1 
8983158-102 
J1 
17237J3-501 
HRIR Converter and Adapter 
HRIR Converter 
Adapter Cable 
\1723807 
1843903 
Special Test Equipment 
Pre-recorded tape, HRIR 
signal recorded at 3.75 ips 
(grey scale) 
I 
Quantity 
Required 
1 
• 
.1. 
1 
1 
1 
2 
12 ft 
2G ft 
6 ft 
3ft 
2 
1 
1 
• 
2. Electrical 
The HRffi modification provides the circuitry required to process / , 
the H~m signals received by the Mufnx detector. 
The demodulated signal from the Mufnx detector is applied to the HRffi Convert-
er sync detector. This portion of the Converter detects 5 marker pulses at the 
beginning of each line and generates a horizontal sync pulse which is used for 
phasing. The Mufax AGe circuitry is utilized intact, but the self-stepping 
speed of the Ledex is slowed to enable a white portion of each line to occur at 
the same time during' each step. When AGC is complete the Mufax phasing 
circuitry is enabled internally. A simulated APT phasing pulse, derived from 
the sync puJ se, but delayed in time, is fed into 'he Mufax video circuits. The 
time delay is necessary to position the narrow ~arth readout in the center of 
the 9-inch paper. Front panel control of the time delay provides horizontal 
positioning. In addition, a blanking circuit blanks the marker pulse and the 
black level during the non-video portion of each Uno. 
As soon as the Mufax clutch is energized, the simulated phasing pulses are 
switched off the video input and the picture information is r..llowed to come 
through. When the HRffi input signal ceases, the Mufax will shut off after a 
delay of 10-15 seconds, as it does during APTS operation. 
The Mufax helix is slowed do\'m to one revolution in 1. 34 seconds~ which is com-
patible with the HRffi line rate. A gear train inserted between the drive motor 
and the Mufax drive gear providp-s the correct speed reduction ratio. The gear 
train contains a clutch controlled by a switch on the front panel of the HRffi 
Converter. 
3 
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PRECEDING P~~E BL~t{K NOT-F-'-LM-~-D > 
. . 
A. GENERAL 
SECTION II 
INSTALLATION PROCEDURE 
The! are three separate procedures involved in the HAGS modification. 
They are: 
Modification of the Muirhead Facsim ile Hecorder 
Modification of the Muirbcad Electronic Unit 
Installation uf the BRill. Converter 
Refer to the" Maintenance Manual for D-900-S, 9-inch Mufax Chart Hecordcr" 
and the engineei.'ing drawings listed in Section VI of this manual, as well as the 
following step-by-step procedures, to properly complete the modifications. 
Number items are related to the Section VI drawings; letter items are for 
pictorial identification only. 
B. MODIFICATION OF THE MUIRHEAD FACSIMILE RECORDER 
1. Loosen the two side screws, two back screws, the connecting 
c~ble P19, and remove the dust cover from the Mufax Recorder. 
2. Disconnect plug PL12 and remove the mounting screws (item 37) 
from the retaining ring (item A). See Figure 1. Remove the drive motor 
from the Mufax. 
o 
8~-11-172 
Figure 1. Drive Motor Assembly 
5 
( 
6 
3. Remove retaining nut (item D) and gear (item G) from motor 
shaft. 
4. Disassemble the reduction gear housing by removing three screws 
(item 38) and puLLing the three sections apart. (Figure 2) 
27 
I 
24 28 
l 
57 EI 13 
65-11-171 
Figure 2. Gear Train Asscmbly-Disassembled View 
5. Slide spacers (item 54) onto the drive shaft (item 13). Press the 
driven end of drive shaft firmly against the inside of the bushing. Slide drive 
motor gear removed in Step 3 (item G) onto the shaft anti secure it with lock 
pin (item 25). Install and tighten nut (item 43) at end of shaft. 
6. Mount the front housing (item 28) in the Mufax chassis with 
three slotted-head screws (item E). Check the gear mesh and alignn l'.~nt 
for smooth operation and minimum back-lash. Make certain that gear 
(item G) does not strike the front housing. 
7. Place the nylon coupling (item 57) on the motor shaft. Remove 
all end play and locate the position of hole required for the pin (item 25). 
8. Remove the coupling and drill a 1/32 inch hole, (0. 0312 ~: ~~~~). 
Replace the coupling, insert pin (item 25) and secure the set screw (item 58). 
Check that the shaft rotates freely. 
9. Place the 1 etaining ring (item A) on the drive motor and connect 
plug PL12 to receptacle SK12. 
• 
t 
10. Install the middle housing (item 9) on the (ront housing by aligning 
the key ways. Also check that the metal portion of the coupling is aligned with 
the nylon portion (block). When the keyways and the coupling are aligned, 
slide the middle housing to the front housing. No mounting screws are required 
for this step. 
11. Install the rear housing (item 27)on the middle housing by aligning 
the key-ways and sliding the rear housing to the middle housing. Tighten the 
three socket screws (itcm 38). The reduction gear is now complctely assembled. 
12. Mount the motor on the gear reduction unit by rotating the coupling 
(item 57) until the tab of the coupling lines up with the slot in the 23-tooth 
spur gear (item 24) in the rear housing. 
13. Secure the motor to the rear housing by using the retaining ring 
(item A) and three socket screws (item 37), supplied in the modification kit. 
Hand tighten the three mounting screws. 
14. Rotate the motor slowly to obtain smooth and quiet operation. 
Tighten the mounting screws. 
PL 9 6S-11-16S 
Figure 3. Rear View of Muirhead Recorder Showing Modifications 
7 
8 
15. Remove label (PL9) and replace as shown on Figure 3. 
16. Drill a 0.375 inch hole in bracket as shown on Figure 4. 
DR'LL 0.375" DIA HOLE 
[J [QJ' 
Figure 4. Jack J1 Mounting Location 
17. Mount phone jack (Jl) in hole as shown in Figure 3. 
18. Attach a lug to the clutch end of wire 1 and connect to terminal El 
on the gear reduction unit. Dress the wire as shown in Figure 3 and solder to 
jack J1 as shown in Figure 5. 
2~"'" 
J' 
I I '---, ---R-205 ------I i"CL2-.., ~-""""~ .... -. C2L -e ·1 
I 1 
I MUFAX RECEIVER I 
l!.XISTING WIRING _______ ...J 
Figure 5. Wiring Modification for Jack Jl 
l 
• 
• 
19. Dress wire 2 as shown on Figure 3, and solder to jack Jl and 
junctions of R205 and CL/2-e as shown in Figure 5. 
20. Replace dust cover on Mufax Recorder and tighten the four 
locking screws. 
C. MODIFICATION OF MUIRHEAD ELECTRONICS UNIT 
1. Mount the following components on bracket (item 2) as shown 
in Figure 6: 
Relay Kl 
Potentiometer R1 
Push-button switch 81 
Connector J1 
2 
(@f JI 
WIRf: NO.3 
1<1 
L....J~-.... WIRE NO 2 
WIRE NO 3 
VIEW B-B 
WIRE NO. I 
Figure 6. Assembly and Wiring of Marking-Current Bracket, Rear View 
9 
2. Remove the mounting hardware from RV10 and RV11. 
NOTE 
If the modification specified on RCA 
Drawing 1706511-1 has been incorpor-
ated, it will be necessary to remove 
connector J601B and discard the 
bracket. 
3. If noted modification has been incorporated, mount connector 
J601B on the bracket (item 2). 
4. Connect wires between the following points, as shown on 
Figure 6. 
a. WirE 2 between K1-1 and Jl-6 
b. Wire 3 between Kl-3 and 81-1 
c. Wire 4 between Kl-4 and R1-2 
d. Wire 14 between Kl-5 and J1-S 
e. Wire 5 between 81-2 and R1-1 
f. Center conductor of wire 1 to Jl-3 and shield to Jl-4. 
g. Connect jumper between Jl-7 and Jl-14. 
h. Connect jumper between J1-11 and J1-15. 
i. Center conductor of wire S to Jl-l and shield to Jl-2. 
j. Wire 14 to J1-S. 
5. Herer to Figure 7 and mount bracket (item 2) on the Muirhead Elec-
tronics Chassis, using the mounting hardware for RVIO and RV11 to secure it. 
6. Feed wire 14 through hole B and wire S through hole A as shown in 
Figure S. 
10 
7. Remove the wire from RV11-1 and connect it to 81-2. 
S. Refer to Figures 6, S, and 9 and complete the following connections: 
a. The free end of wire 1, shield to RV7 -1 and center 
conductor to RVS-l. 
• 
• 
-. 
t 
. . 
, . 
.. 
b. Wire 6 between RI-2 and RVll-l. 
c. Free end of wire 8 shield to R94-1 and center 
conductor to R94-2. 
d. Connect free end of wire 14 from Jl-8 to El. Terminal 
El is located on under side of chassis, on rear apron under 
hardware holding- SK3. 
e. Connect one end of wires 9, 10, 11, 12, and 13 to JI-5, 
JI-12, JI-13, JI-9, and JI-I0 respectively. Feed the 
group through hole C. Connect the free ends as follows: 
Wire 9 to MR22. 
Wire 10 to RLDA-e 
Wire 11 to MR 26 
\Vire 12 to MR 28 
Wire 13 to RLB-3. 
9. Connect wire 18 to Ledex switch as shown in Figure 9. 
10. Lace wiring as required. 
MARKER CURRENT 
BRACKET 2 
KI 
RV:- Rve RVIO RVII 
@©©©© © 
©@©@ 
J60lB 
RI 
51 
Figure 7. Marker-Current Bracket Installation 
JI 
3 
11 
WIRE NO 12\ 
WIRE NO 9 
WIRE NO. II \ 
\.. \. 
\ \ 
..... - .... \ 
FRONT 
WIR' rEJ 
NO 13 -I----a 
-v t-..~----'-~...L-. 
~----~----~~~--------------------------~~~------~~~--
~I;l 
WIRE L...J 
NO. 10 - --... RLDA 
R94 
, 2 
-
L~~~=*====~~~~ ____ ~~~ __ ~~~=:~~~ __ ,~(~~~~~ ______ ~ ___7 ,r~'''-
HOLE "e'Y REAR EI HOLE"B" "HOLE '~" 
12 
WIRE NO. 14 ____ '-WIR':: NO.8 
-------
.. 
KI ~ 5 
"'.--c:':---' 
I 
I 
i 
I 3 
r---
JI I 
10 13 12 
SI 
I I 2 
2' RI 
.... --4~O<'~0.5 MEG 
~ 2W 
WIRE NO. 6 ---I~ 
I 
RVII 2 (REF) ~3--... VI9-2 
-..._ WIRE NO, I 
/ 
--- n --. -~~f~f-' 
,11 "" ~ 6 9 7 14 8 5 4 3 2 I II 15 
: T8 
• (REF) 
I • RV8 
• (REF) 
TO 
MRI3 .. ----' 
TO ~RV7 
V14-1 ...,---..«REF) 
"'-_______ -.. T8- 3, RIO 5 
AND C38 
TO ... ___ ..... 
R89 
Figure 8. Wiring Details for Muirhead Electronics Chassis 
• 1 
1 
\ 
.. 
, 
RI 
LEDEX 
SWITCH 
Figure 9. Ledex Switch Modifications 
D. INSTALLATION OF THE HRIR CONVERTER 
HOLE "A" 
WIRE NO 18 
TOP OF WAFER 
The HRIR Converter should be rack mounted, prefer-ably in the same 
rack or in a rack adjacent to the Muirhead Recorder, Power Supply, and Elec-
tronics Chassis. 
The cable interconnection should be in accordance with the interconnecting 
cable diagram shown in Figure 10. When the AC power is connected to the 
HRm Converter, the equipment is ready for operation. 
13 
14 
MUIRHEAD 
POWER 
SUPPI.'f 
PI.I 
Pl.2 
Pl.l 
II~ V 
60 CPS 
I PHASE 
MUIRHEAO SK8 51(, 
El..ECTRON IC PL8 
UNIT 
PI 
PI 
PI.9 
ADAPTER CABLE 
P2 
JI 
HRIR 
CONVERTER 
MUIRHEAD 
FACSIMILE 
RECORDER 
JI 
Pl 
(MIC PLUG) 
Figure 10. Mufax Recorder and HRffi Converter Interconne('tions 
. 1 
• 
\ 
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A. GENERAL 
SECTION III 
THEORY OF OPERATION 
Modifications are required because the content of the HRIR signal and the 
A PTS signal differs significantly. The A PTS signal provides one framed picture 
every 208 seconds. The first 8 seconds contains a start tone and phasing pulses; 
the last 200 seconds contains 800 lines of video at 4 lines per second (240 lines 
per minute). The start tone and phasing pulse signals are used to start the fac-
simile recorder, provide a reference signal for AGC, and frame (center) the 
picture on the printout. The HRIR system takes one unframed (continuous) pic-
ture during night-time operation and provides a signal that contains seven marker 
pulses and video. There is no start tone or phasing pulses, and the line rate is 
44.715 ---lines per minute (48 lines per minute f.Jr later Nimbus spacecraft). 
The present facsimile recorder can be utilized by installing a gear train and 
clutch assembly that provides two speeds of operation, one for APTS printouts 
and one for HRIR printouts. When the facsimile recorder speed is reduced for 
HRIR printouts, the writing current has to be reduced; otherwise the printout 
would burn when black-level signals are received. 
Finally, the facsimile recorder must be controlled. Control is initiated auto-
matically (as in the APTS mode) with the HRIR converter. This unit contains 
circuits that detect the marker pulses (See Figure 11) and generate the nec-
essary start, phasing, and AGC signals. 
B. FACSIMilE PRINTOUT, MANUAL MODE 
Modifications required for the manual mode of operation (no HRIR Con-
verter available) conSist of the gear train and clutch assembly shown in Figure 
3 and a control that changes the writing current and selects the proper operat-
ing speed. The gear ratio used for HRIR printouts reduces the facsimile re-
corder speed so that it equals the radiometer speed. The radiometer speed in 
the Nimbus C spacecraft is 5500/123 rpm. To obtain this speed, the gear ratio 
must reduce the facsimile recorder speed by the follOWing ratio: 
5500/123 
240 
15 
,. 
WHI Tt:: 
I) MS 
SPACECRAFT 
MARKER PULSES 1SPACEb EARTH jSPACEi AND 1,SPACE RADIOMETER 
° HOUSING 
:::::: 4 0 K 190 K 
( CLOUO 300·. k J1J 
~ CLOUD 
LOCAL 
VER TICAL 
~ -
-." 
~-- 439.4MS- 6606.~ 
~ _____ 78,MS ___ ~~ 37.7 
MS MS 
.... ----------- I 34 SEC I I REV -----------..t 
NOTE' THE DURATION OF EARTH AND SPACE SCAN VARIES WITH ALTITUDE. 
THE VALUES OF TIME SHOWN ARE TYPICAL FOR AN AL YITUOE 0600 
NAUTICAL MILES 
Figure 11. Composite HRIR Video Signal 
52 MS 
Future Nimbus spacecraft may use a radiometer speed of 48 rpm. In this l;ase 
the gear ratio must reduce the facsimile recorder speed by 0.2. 
Since the HRIR helix rotates at approximateiy Jne-fifth the APTS rate, the Inark-
ing Current must be reduced to prevent burning of the facsimile paper when black-
level signals are received. The marki.fJg current is controlled by connecting a 
dropping resistor (R1) and the normally closed contacts of a relay (10.) in parallel. 
The parallel combination is connected into the marking circuit so that the dropp~.tlg 
resistor is b""tpassed (luring APTS operation (See Figure 8), During h~UR op(.:ra-
tion. the relay contacts are opened, and the droPP'ing resistor is switched into the 
markillg current circuit, thereby reducing the writing current. The same control 
relay (K1) energizes the clutch in the reduction gear during HRIR operation. 
Manual control of the Mufax Recorder (start, phaSing, and automatic gain con-
troL) is performed as specified in the" Operating Instructions for D-9UOS Fac-
simile Recorder" , issued by Muirhead and Co. Ltd. 
c. FACSIMILE PRINTOUT, AUTOMAT'C MODE 
Modifications for the automatic mode of operation consist of the Gear 
Train and Clutch Assembly, HRIR Converter, and the Adapter Cable, shown in 
Figures 3, 12, and 13, respectively. The Gear Train and Clutch Assembly is 
identical to the unit described for the manual mode of operation. Control of 
the facsimile recorder is a function of the HRIR Converter which detects the 
HRIR signal and generates the necessary control signals. 
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Figure 13. Adapter Cable Assembly 
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T)uring the APTS operation, the 300cps start tone is used to sic...t"t the facsimile 
recorder. The HRIR signal does not contain a 300cps start tone; therefore 
another means of starting the facsimile recorder must be used. The marker 
pulses may be used to simulate the start tone if a detector with good discrimi-
nation is used. When the start function is complete, phasing and AGC can be 
performed. 
The phasing and AGC functions of the facsimile recorder are dependent on 
phasing pulses contained in the A PTS signal. Since the HRIR signal does not 
contain phasing pulses, another method of providing this function is required. 
For automatic phasing, the marker pulses are detected, shaped to simulate 
APTS phasing pulses, and injected into the facsimile recorder circuits. The 
facsimile recorder circuits compare the phasing pulses with the signal received 
from a cam-operated switch on the helix shaft. When the _pulses coincide, the 
speed of the helix shaft (reduced during the phaSing cycle) is returned to normal. 
At this time the videv is correctly phased (centered on the printout) and the 
pha.sing cycle is terminated. 
Automatic gain, provided by a motor-driven potentiometer and comparator, 
is dependent on the white level I)f the phasing pulses during APTS operation. 
During HRIR operation, a white level signal (space-white) suitable for AGC 
control is available after each earth scan. (See Figure 11.) To ensure that 
AGC occurs during the space-white interval, the marker pulses are detected 
and used to generate a sample signal. The sample signal, delayed 560 milli-
seconds from the beginning of the marker pulses, enables the AGC circuits 
when the space-white signal is present. During the remainder of each line 
the AGe circuits are disabled. 
D. DETAILED THEORY OF OPERATION 
1" HRIR Converter 
The converter is fabricated on three circuit-boards. Board Al 
cont~j ns the power sU9ply and relay-driver circuits. Board A 2 contains the 
sync circuitry and the phasing re lay. Board A 3 contains the blanking ci rcuitry • 
2. Power Supplies 
AC power is fed to Board Al via a fuse (Fl) and the APT-HRIR 
switch (mounted on the front panel). The two power supplies furnish +15 and 
-15 volts to all circuitry 'Nithin the converter, to the clutch on the gear train, 
and to the marker-curren~ control circuit. 
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3. The Sync Circuit 
a. SYNC DETECTOR 
Demodulated video obtained from the Mufax detector is applied 
to a differentiator in the sync detector (see Fi,r·· . .ce 14). Discrimination be-
tween sync and video is possible because the maximum video frequency com-
ponents are 300 cps, whereas the sync is 1600 cps. An emitter follower (Q1) 
prevents loadin:; of the video detector. 
The differentiated sync pulses are squared at half-amplitude by the Schmitt 
trigger (Q2, Q3) to improve the noise immunity. The squared pulses trigger 
a one-shot (Q10, Q11) with a time duration slightly less than the spacing between 
pulses. The one-shot output is used to inhibit tht,.; Schmitt trigger. Any pulses 
that occur closer together than the one-shot time duration will trigger the in-
hibit switch (Q12) and thlJs stop the Schmitt trigger. 
The charge one-shot (Q4, Q5) standardizes the PUlSB width for charging pur-
poses in the divide-by-five unij~nction transistor cjrcuit (Q7). The storage 
capacitor has a bleed resistor across it, so that pulses spaced too far apart 
will not be intetSrated. A two-stage shaper (Q8, Q9) squares the output pulses. 
b. AGC OPERATION 
Refe .. ':"ence should be made to the" Maintenance Manual for the 
D-900-S, 9 in. Mufax Chart Recorder". AGC operation with the HRIR Con-
verter is the same as experienced during normal APT except the Ledex self-
stepping time has been increased to slightly less than one HRIR scan line 
period. Since the maximum signal level on each line is If space" (white), the 
comparator in the Mufax will operate when the Ledex has increased the gain 
such that this signal is at the reference amplitude. 
c. PHASING 
Phasing takes place after AGC has been completed. During 
normal APT operation the black pulse that interrupts each white line of the 
5-second phasing signal is used to start the helix from a known position. 
A time delay sufficient to allow the motor to position the helix against the 
clutch stop must be provided. In the APT mode it is provided by the 3-second 
start tone. In the HRIR mode an external capacitor is connected across relay 
RLDA/2. 
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Since the HRIR input does not have a phasing signal, a pulse that simulates the 
APT signal is derived from the marker pulses in the HRIR Converter 0 The 
detected sync pulse is delayed by the horizontal position (phase delay) one-shot 
(Q13, Q14) in order to place the 3-inch wide picture in the center of the fax 
paper. In the event of blade or helix wear, the picture may be moved by adjust-
ing the time delay with the front panel switch (HORIZ POSITION). The horiz-
ontal position one-shot triggers another one-shot which provides a 20 ms pulse 
that simulates APT phasing pulses. These phasing pulses are applied to the 
demodulator grids (in the Mufax Electronics Unit) from the time that an HRIR 
signal is present until the clutch has pulled in, at which time the video signal 
is allowed to print. 
Since the marking power must be reduced with the speed reduction, RLE/1, 
(the phasing relay in the Mufax) may not get enough voltage to operate. Be-
cause of this the marking power is lowered after phasing has been completed. 
This is accomplished by a relay (K1) that has been installed in the Muirhead 
Electronics. The high impedance prevents remote sWitching. 
d. BLANKING 
Blanking of non-v ideo portions of each line is accomplished by 
triggering the blanking delay one-shot (Q1, Q2) with the horizontal sync pulse. 
A delay of 570 milliseconds is generated. The square wave output of the blank-
ing delay one-shot is differentiated and used to trigger the blanking one-shot. 
The blanking signal of 800 millise~onds duration is generated, inverted, and 
fed to the demodul;:.tor input of the Muirhead Recorder. An adjustment is pro-
vided to adjust the trailing edge of the blanking signal so that all marker pulses 
are blanked. 
4. Manual Operation, HRIR 
With the Mufax function switch in the MANUAL mode, operation with 
the HRIR Converter is as follows: 
a. When the subcarrier signal is received the signal detector circuit 
operates relay RLA/2. Then, 
(1) Contact RLA1 enabLes the comparator, and 
(2) Contact RLA2 starts the drive motor. 
b. When the PICTURE START button is pressed, RLDB/2 pulls 
in, and 3 seconds later RLDA/2 pulls in. Then, 
(1) Contact RLDBI holds in both relays, and 
(2) Contact RLDAI provides holding current for clutch C L/2. 
Phasing is completed in the same manner as for automatic operation. 
adjusted by the MANUA L control on the Mufax Electronics Unit. 
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SECTION IV 
OPERATING INSTRUCTIONS 
A. GENERAL 
This section contains the general instructions for interconnecting and op-
erating the RCA modification to the facsimile recorder. An interconnection 
diagram is shown in Figure 10. 
These instructions are a supplement to "Operating Instructions for D-900-S 
Facsi mile Receiver", issued by Muirhead and Company, Ltd 0 That manual 
should be referred to throughout the following discussions. 
The Mufax may be used in either automatic or manual mode, as with APT. 
B. OPERATING CONTROLS 
The only operating controls involved as a result of this modification are 
those located on the front panel of the HHIR Converter. These are shown on 
Figure 12 and listed in Table 2. 
C. PREPARATION FOR USE 
When the modifications detalled in Section II have been completed, connect 
the HRIR Converter to the recorder in accordance with Figure 10. Prepare 
the recorder for operation in accordance with the" Operating Instructions for 
D-900-S Facsimile Receiver" Instruction Manual. 
NOTE 
The HORIZ POSITION control on the HRIR 
Converter is effective only for initial pic-
ture phasing. Once the Mufax has started 
printing, the control becomes ineffecti ve. If 
it is desired to shift the position of the pic-
ture after plinting has started, it will be 
necessary to operate the PICTURE SHIFT 
button on the Mufax Recei ver. 
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TABLE 2. OPERATING CONTROL FUNCTIONS, HRIR CONVERTER 
Control Ref Function Desig. 
HORIZ POSITION S2 This positions the facsimile 
display on the recorder. 
APT-HRIR S1 In APT position, the recorder 
operates from APT signals. 
In HRIR position the HRIR 
Converter is energized and 
the ;,ystem operates from 
HRIR signals. 
HRIR POWER ON DS1 Indicator is illuminated when 
recorder is tur ,-~d on, and the 
APT-HRIR switch is set at 
HRIR. 
If the incoming signal is too large, the Ledex switch will not step. In this case l 
three seconds after the Mufax starts, the Mufax will phase and start printing. 
Should the incoming signal be too small, the drive motor will start, but the 
Ledex switch will not operate. The paper drive functions, but there is no print-
out. If the signal is increased enough for the sync detector to function, but not 
enough to be within the AGC range, the paper drive will start; the Ledex switch 
will step once or twice per line, but phasing will not take place. The LOW 
SIGNAL indicator will illuminate. Increasing the signal to an amplitude which 
just extinguishes the LOW SIGNAL indicator will cause the IVlufax to phase~ and 
it will begin printing three seconds later. 
D. MANUAL OPERATION 
1. Set the POWER switch on the MlAfax Receiver to ON. 
2. Turn the APT-HRIR swiooh on the HRIR Converter to APT position. 
3. Set the FUNC nON switch on the Mufax Electronic Unit to MANUA L. 
, 
E. AUTOMA TIC OPERATION 
1. Set the POWER switch on the Mufax Receiver to ON. 
2. Turn the APT-HRIR switch on the HRIR Converter to HRIR position. 
3. Turn the FUNCTION switch on the Mufax Electronic Unit to AUTO. 
4. When the subcarrier signal is received, the Mufax Receiver will 
start operation. The AGC Ledex switch will stop once or twice 
per Line until the level is correct. Approximately three seconds 
later the Mufax weI start printing. 
5. When the subcarrier signal is received, the Mufax drive will start. 
Advance the MANUAL SET WHITE control until the meter indicates 
between 20 and 30 divisions. 
6. Press the PICTUHE START button on the Mufax. The Mufax will 
start printing. 
7. Adjust the MANDA L SET 'NHITE control for the desired HRIR 
picture contrast. 
F. TURN·OFF PROCEDURE 
It is only necessary to set the POWER switch on the Mufax Receiver to 
OFF and the APT-HRIR switch to APT. 
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SECTION V 
TEST AND ALIGNMENT PROCEDURES 
A. GENERAL 
This section contains the test and ::1 Jignment procedures for the HRIR 
modification of the Mufax Recorder. TypIcal wave,··l'orm data are fur-
nished. The" Maintenance Manual for the n-900-S, 9 in. Mufax Chart 
Recorder" and the engineering drawings in Section VI should also be ref-
erred to for rapid fault isolation information. 
B. TEST EQUIPMENT 
The test equipment listed in Table 3 is required to test and adjust the 
HRIR modifications to the Mufax Hecorder. Equivalent equipment may be sub-
stituted. 
TABLE 3. TEST EQUIPMENT 
Quantity Item Manufacturer Model 
1 Pre-recorded Tape RCA 
1 Tape Hecorder AMPEX PRIO 
1 Frequency Lock 1703765-503 Oscillator 
1 Oscilloscope Tektronix 535A 
1 Plug-in, Dual-trace Tektronix CA 
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C MODIFICATION TEST PROCEDURE 
After completion of the modification and adjustment of the markel' current 
a.s indicated in Paragraph D of this Section, the Muirhead Facsimile Recorder 
should be tested as follows: 
A pre-recorded tape with HRIR test signal is supplied with the modification kit. 
Using this tape, the Ampex tape recorder, the Frequency Lock Oscillator, and 
the adapter cable of the Muirhead power supply, the test may be performed. 
(See Figure 15 for interconnection of equipment.) 
O~O 
TAPE RECORDF.R 
AMPEX PRIO 
AMPLITUDE 
FROM 5 TO 5V 
I FRI::QUENCY LOCI( 
OSCILLATOR 
-
_. 4.7K.n, 
1 
MUIRHEAD 
I 
TEST CABLE 
MUIRHEAD 
POWER SUPPLY 
J 
MUIRHEAD 
RECORDER T ELECTRONICS CHASSIS 
AMPLITUDE OF 1 jMIC PLUG 
WHITE" O.5IV ADAPTER (J60IB) ..... ___ .... ~~~"" 
CABLE 
HRIR 
CONVERTER 
Figure 15. Test Set-up for HRIH. Modification 
The pre-recorded tape has the HRIR signal with grey scale recorded over the 
entire length at 3-3/4 inches-per-second on Channel A. Shielded wire (not 
supplied) should be used to interconnect the tape recorder, the Frequency Lock 
Oscillator and the Muirhead Electronics Chassis. A resistor (4, 7K) (not 
supplied) is required in the line between the tape recorder and the Muirhead 
Electronics Chassis to attenuate the test signal. The reproduce output level 
control of the tape recorder should ~e adjusted for a signal level of o. 56/volts 
peak-to-peak at the input to the Muirhead Electronics Chassis. This win pro-
vide a signal to the input of the Frequency Lock Oscillator of between 3 and 5 
volts. A test cable, supplied as part of the Muirhead Power Supply, will inter-
connect tae output of the Frequency Lock Oscillator (15 pin Cannon) and Muirhead 
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Power Supply. Remove V9 in the Muirhead Power Supply and insert the tube 
socket (9 pin) extender. Be-insert V~ in the tube socket extender. The Fre-
quency Lock Oscillator operation mo{'e switch is planed in the FLO position. 
After all connections are completed the tape should be sta.rted and the signal 
level adjusted to 0.56 volts peak-to-peak. The grey scale should appear in 
either the left or right position of the printout, depending on the setting of the 
HORIZ POSITION switch on the front panel of the HRIR Converter. Six lp.vels 
of grey should be observed. 
D. ALIGNMENT 
1. HRIR Marker Current 
The HRIR Marker Current control (Potentiometer Rl) in the Muirhead 
Electronics Chassis is adjusted as follows: 
a. Perform the following (Step 3. 25A between Steps ::t.25 and 3.26 
of the" l.\tlaintenance Manual for the 0-900-8 Muirhead Recorder" • 
3.25-A Set the meter selector switch to NORMAL. 
\/ith the Mt\NUAL SET WHITE control fully counter-
clockWise, and the receiver switched to 8ET BLACK, 
depress 81 and adjust HI (on marker current bracket 
at ~ ear of drawer) until the meter reading indicates 26 
divisions. 
b. Then perform the entire Electronics Unit alignment procedure . 
2. Charging Current Adjustment 
The charging current control (Potentiometer R 18 on A 2 of the HRIR 
Converter) is adjusted as follows: 
a. Connect a 10-to-l probe from a scope to the junction 
of C5, R17, and the collector of Q6. (See Figure 16 
for test point location~) Sync the oscilloscope on 
EXTERNAL, using the input signal at Cl. Adjust 
R18 so that Q7 fires on the fifth marker pulse. The 
waveform should appear as shown in Figure 17. The 
resultant horizontal sync pulse between R25 and ground 
should be as shown in Figure 18 and the phasing pt· 1.se 
between R43 and ground should be as shown in Figure 19. 
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F~gure 19. Typical Phasing Pulse Waveform 
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3. Blanking Adjustment 
Adjust the blanking control (potentiometer RI3 on Board A3) while 
observing the printout of the grey scale. Adjust the control until the last 
marker pulse is blanked out. 
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SECTION VI 
ENGINEERING DRAWINGS 
This section contains engineering drawings to supplement the text and aid 
in part location. Table 4 is a list of engineering drawingG. 
TABLLJ 4. ENGINEEHING DRAWINGS 
I 
- -
RCA Drawing Number Title 
Figure 
No. 
1723800 Chassis Assembly HRIR Converter 20 
1843492-501 Power Supply Absembly (AI 21 
1843496 Electronics Board Assembly (A2) 22 
1843938 Blanking Circuit Board Assembly (A3) 23 
1723801 HRIR Converter Schematic 24 
1723810 HRIR Converter Practical Wiring Diagram 25 
1843903 Adapter Cable Assernbly 26 
1848092 Muirhead Facs!mile Hecorder Modifications 27 
1723733 Reduction Ge~r Assembly 28 
1843909-2 Facsimile Receiver Assembly 29 
1723807 Muirhead Electronics Chassis Modifications 30 
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(RCA Dwg 1723801-Rev B) 
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